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Objective: To review the outcome of subintimal angioplasty of infrapopliteaI rtery occlusions in critically ischaemic limbs. 
Design: Retrospective r view. 
Materials: Twenty-eight consecutive limbs with critical ischaemia that had undergone subintimal angioplasty of 
infrapopliteaI occlusions. 
Results: There were 32 infrapopliteal rtery occlusions in 28 critically ischaemic limbs in 27 patients. The median (range) 
patient age was 81 (48-88) years. Seventeen limbs (61%) were ulcerated, seven (25%) were gangrenous and four (14%) 
had rest pain only. Twenty-five (89%) procedures were to a single calf vessel, and three (11%) procedures were to 
multiple calf vessels. The median (range) length of the occlusions was 7 (2-30) cm. The initial technical success rate was 
27/32 (84%). There were three minor complications - one groin haematoma, one vessel perforation and one distal embolus. 
There were no limbs lost as a result of the procedure itself and the 30-day mortality was zero. The 12-month actuarial 
haemodynamic and symptomatic patencies (including initial failures) were 53% and 56%, respectively. The 12-month 
limb salvage rate was 85% and patient survival was 81%. 
Conclusion: We conclude that subintimal angioplasty in patients with infrapopliteal artery occlusions and critical 
ischaemia is safe, effective, and offers a low-risk alternative to distal reconstructive surgery. 
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Introduction Patients and Methods 
The majority of patients with critical limb ischaemia 
have multilevel disease, and until recently 1 have not 
been considered suitable for angioplasty. Traditionally, 
it has been thought hat distal angioplasty is high risk 
because of the small calibre of the tibial arteries, a 
tendency to develop spasm, and the increased dif- 
ficulties of surgical revascularisation if angioplasty 
should fail. However, technological dvances uch as 
small, strong, low profile balloons, steerable hy- 
drophilic guidewires, road mapping facilities and the 
use of vasodilators have facilitated infrapopliteal an- 
gioplasty. 2 A number of reports on below-knee an- 
gioplasty have been published, 2'3 although experience 
with occlusions of the tibial arteries is limited and the 
majority of the angioplastied occlusions have been 
short (3-5 cm). However, the technique of subintimal 
angioplasty allows longer lesions to be successfully 
treated. The purpose of this study was to examine the 
symptomatic and haemodynamic outcome of sub- 
intimal angioplasty of infrapopliteal artery occlusions 
in patients with critical limb ischaemia. 
* Address correspondence to: Mr N. London. 
Subintimal angioplasty technique 
The principle behind subintimal angioplasty 44 is to 
deliberately enter the subintimal space, traverse the 
occlusion, re-enter the true lumen and then inflate 
the angioplasty balloon in the subintimal space. An 
occlusion is considered suitable for attempted sub- 
intimal recanalisation if there is a patent distal arterial 
segment. The ipsilateral common or superficial femoral 
artery is cannulated antegradely and a size 5 F (Van 
Andel type, Cook Ltd, Letchworth, U.K.) predilating 
catheter introduced up to the origin of the occlusion. 
Heparin (5000 units) and Tolazoline (12.5 mg) are in- 
jected into the artery prior to crossing the lesion. 
Hydrophilic angled guide wires, ranging in diameter 
from 0.020 to 0.035 inches (Terumo, Tokyo, Japan, or 
Schneider, Zurich, Switzerland), are used for crossing 
the infrapopliteal lesions. When approaching the oc- 
clusion, the tip of the guide wire is directed towards 
the arterial wall and the wire/catheter combination is
then advanced, traversing the occlusion. Care must 
be taken to avoid any large collaterals. Once in the 
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Fig. 1. Five centimetre occlusion (between arrows) of the right 
anterior tibial artery before (a) and after (b) subintimal ngioplasty. 
The point of re-entry (arrow) to the true lumen is 13 cm from the 
origin of the occlusion. 
subintimal space the guide wire moves freely and can 
be manipulated to form a loop. By forward pressure 
on the loop, re-entry into the true arterial lumen 
distal to the occlusion is achieved. Balloon dilatation 
is achieved by using a 5 French, 2 cm long, 3 mm 
diameter angioplasty balloon (Schneider), inflated at 
10 atmospheres for 15 s. More recently, a 2.5 mm bal- 
loon has been used for very distal dilatations. The 
dilatation is repeated if there is a residual stenosis of 
>30%. Boluses of nitroglycerine (1001xg) are ad- 
ministered if spasm develops. Unless contraindicated, 
all patients are commenced on aspirin (150 rag) for a 
minimum of 3 months after successful recanalisation. 
All procedures were performed by a single vascular 
radiologist (A.B.). 
Fig. 2. Occlusion (between arrows) f the distal posterior tibial 
artery in a patient with rest pain before (A) and after (B) subintimal 
angioplasty. 
Patients 
We reviewed all patients with critical ischaemia who 
underwent subintimal angioplasty of infrapopliteal 
artery occlusions between March 1991 and June 1994. 
Definitions of outcome and data analysis 
Success, failure, complications and long-term patency 
were analysed according to the guidelines provided 
by the Society of Vascular Surgery and the International 
Society for Cardiovascular Surgery. 7Technical success 
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Fig. 3, Arteriogram (A) showing a tight stenosis of the tibio-peroneal 
trunk leading into the peroneal artery. Ther  is an occluded posterior 
tibial artery and a 30 cm occlusion of the anterior tibial artery 
(between arrows). First the TPT stenosis was angioplastied (B) and 
the AT was recanalised using a subintimal technique (C). 
was defined as recanalisation with 30% or less residual 
stenosis and antegrade flow at the conclusion of the 
procedure. Occlusion length was estimated from the 
DSA images and recorded at the time of the procedure. 
Major complications were defined as those that altered 
the patient's clinical state, whereas minor complica- 
tions did not. Patency after the procedure was ex- 
amined clinically at 24 h and afterwards, with colour 
duplex scans at 3, 6, 9, 12 months and thereafter at 6- 
monthly intervals. Haemodynamic patency required 
that the angioplastied segment was patent on colour- 
coded duplex scanning. Symptomatic patency re- 
quired the resolution of rest pain or healing of ulcers 
and minor amputations. 
Patency was computed (StatisticaMac, Statsoft, Lon- 
don, U.K.) using the Kaplan-Meier method of life 
table analysis, 7 and standard error calculations were 
performed using the Greenwood formula. All pat- 
encies are primary patencies and technical failures 
are included in the analysis. Haemodynamic patency, 
symptomatic patency and limb salvage are based on 
the number of limbs (28), whereas patient survival is 
based on the number of patients (27). Patients who 
died were censored at their last follow-up visit and 
no patients were lost to follow-up during the study. 
Results 
Patient and procedure details 
From March 1991 to June 1994 the technique of sub- 
intimal angioplasty was ttempted on 32 infrapopliteal 
Fig. 4. Tight stenosis of the tibio-peroneal trunk leading into a 3 crn 
occlusion of the peroneal artery (between arrows a-b) and 4 cm 
occlusion of the posterior tibial artery (b tween arrows a-c). Before 
(A) and after (B) subintimal ngioplasty. 
artery occlusions in 27 patients (17 female, 10 male) 
with 28 critically ischaemic limbs (one patient had 
bilateral procedures). The median (range) patient age 
was 81 (48-88). Four (15%) patients declared they were 
smokers, nine (33%) patients were diabetic and nine 
(33%) were hypertensive. Associated symptomatic cor- 
onary artery disease was present in six (22%) patients 
and cerebrovascular disease in seven (26%) patients. 
Seventeen limbs (61%) were ulcerated, seven (25%) 
were gangrenous and four (14%) had rest pain only. 
Twenty-five (89%) procedures were to a single calf 
vessel and three (11%) procedures were to multiple 
calf vessels. In 19 (68%) of the 28 limbs an angioplasty 
of superficial femoral or popliteal artery lesions was 
performed in addition to the infrapopliteal angio- 
plasty. In five cases the proximal disease consisted 
of superficial femoral artery stenoses, six superficial 
femoral artery occlusions and eight popliteal oc- 
clusions. All of the proximal occlusions were re- 
canalised by a subintimal technique. In 16 (84%) of the 
19 limbs where a proximal angioplasty was performed, 
the angioplastied infrapopliteal vessel was the sole 
artery in direct continuity with the pedal arch. The 
median (range) length of the occlusions was 
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) patency. The analysis includes initial technical failures and the 
7 (2-30) cm. Of the 32 infrapopliteal occlusions, seven 
were located in the anterior tibial (AT, Figs 1 and 3), 
seven in the peroneal (Fig. 4) and six in the posterior 
tibial (PT) artery (Figs 2 and 4). Five occlusions were 
in the tibio-peroneal trunk (TPT). Two patients had 
angioplasty to both their AT and PT arteries (four 
occlusions), and one patient had all three infrapopliteal 
vessels angioplastied. 
technical failures, were 53% and 56%, respectively (Fig. 
5). The 12-month limb salvage rate was 85% and 
patient survival was 81% (Fig. 6). There were eight 
symptomatic failures after the 27 technically successful 
procedures; three patients underwent femorodistal by- 
pass, three underwent amputation and two declined 
any form of intervention and subsequently died. 
Outcome and patency 
The initial technical success rate was 27/32 (84%) 
occlusions and 23/28 (82%) of limbs. The five failed 
procedures were due to vessel perforation in three 
cases and failure to advance the guide wire in two 
cases. Of these five failed infrapopliteal ngioplasties, 
two patients went on to have femorodistal bypass and 
three were left with rest pain. There were three minor 
complications - one groin haematoma, one vessel per- 
foration and one distal embolus, none of which re- 
quired surgical intervention. The perforated vessel was 
embolised with coils and the distal embolus could 
successfully be retrieved by aspiration embolectomy. 
There were no limbs lost as a result of the procedure 
itself, and the 30-day mortality was zero. 
The minimum follow-up was 18 months, the max- 
imum 48 months. The 12-month actuarial haemo- 
dynamic and symptomatic patencies, including initial 
Discussion 
The technique of subintimal angioplasty was first re- 
ported in 1990 by Bolia et al., 4 and has been in use 
since 1987. The technique isnow well established, with 
a number of reports having been published from this 
institution, ~6 and a small series of subintimal an- 
gioplasty of the femoropopliteal segment has also been 
reported from Holland. sAlthough initially applied to 
the femoropopliteal segment, subintimal angioplasty 
has recently been applied to the infrapopliteal vessels, 
and with increasing experience longer and more distal 
lesions have been treated. Thus, whereas other authors 9 
have cautioned against conventional PTA of infra- 
popliteal occlusions longer than 5 cm, 15 of the 32 
occlusions in the present study were 10 cm or longer. 
The high technical success rate and the low incidence 
of complications demonstrate that occlusions in the 
crural vessels can be reached, crossed and dilated 
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Fig. 6. Cumulative limb salvage (. . . . . .  ) and patient survival ( ) patency. The S.E.M. is less than 10% up to 18 months. 
successfully using a combinat ion of subintimal an- 
gioplasty and modern  endovascular  techniques. 
The patients in the present s tudy were elderly (me- 
dian age 81) and there was tissue loss in 24/28 limbs, 
indicating a severe degree of ischaemia. It is pert inent 
to note that of the total of 13 failed procedures dur ing 
the study per iod (five initial and eight late failures), five 
patients were then considered suitable for femorodistal  
bypass,  five were left with rest pain and three under-  
went  amputat ion.  The latter eight patients did not 
have a femorodistal  bypass, either because of lack of 
suitable vein or because of their very poor  physical  
condition. In no case was the attempted or failed 
angioplasty thought  to have prejudiced subsequent 
surgery. 
Compar isons of the 12-month patency rates in the 
present study with the patency after femorodistal  by- 
pass are of little value because of the different nature 
of the patient populat ions. Thus, dur ing a similar time 
period in our unit  I° the median age of a consecutive 
series of patients undergo ing  femorodistal  bypass was 
72 - 9 years younger  than the patients undergo ing 
angioplasty in the present study. This is because, 
broadly  speaking, infragenicular subintimal an- 
gioplasty tended to be used in elderly patients who 
were considered high risk for femorodistal  bypass. 
A l though the role of infrapopliteal subintimal an- 
gioplasty remains to be defined, we wou ld  suggest 
that in those patients with a suitable lesion, its low 
morbid i ty  and mortal i ty makes it an ideal first line 
therapy for elderly, unfit patients with critical isch- 
aemia. Finally, this technique should be seen as com- 
pl imentary, and not competit ive, to surgery. Thus, 
not only is surgery technically feasible after failed 
angioplasty, but subintimal infrapopliteal angioplasty 
can be used to salvage limbs after failed femorodistal  
bypass. 11 
References 
1 LONDON NJ, VARTX KI SAYERS RD, THOMPSON MM, BELL PK 
BOLIA A. Percutaneous transluminal angioplasty for lower-limb 
critical ischaemia. Br J Surg 1995; 82: 1232-1235. 
2 DORROS G,  LEWIN RE, JAMNADAS Pet aL Below-the-knee angio- 
plasty: tibioperoneal vessels, the acute outcome. Catheterization 
and Cardiovascular Diagnosis 1990; 19: 170-178. 
3 SIVANANTHAN UM, BROWNE TF, THORLEY PJ et al. Percutaneous 
transluminal angioplasty ofthe tibial arteries. Br J Surg 1994; 81: 
1282-1285. 
4 BOLIA A, MILES KA, BRENNAN Jet al. Percutaneous transluminal 
angioplasty of occlusions of the femoral and popliteal arteries 
by subintimal dissection. Cardiovasc Intervent Radiol 1990; 13: 
357-363. 
5 BOLIA A, SAYERS RD, THOMPSON MM et aL Subintimal and 
intraluminal recanalisation of occluded crurai arteries by per- 
cutaneous balloon angioplasty. Eur J Vasc Surg 1994; 8: 214-219. 
6 LONDON NJM, SRINIVASAN R~ NAYLOR AR et aI. Subintimal 
angioplasty of femoropopliteal rtery occlusions: the long-term 
results. Eur f Vasc Surg 1994; 8: 148-155. 
7 RUTHERFORD RB. Standards for evaluating results of inter- 
ventional therapy for peripheral vascular disease. Circulation 
1991; 83 (Suppl. 1): I-6-I-11. 
8 REEKERS JA, KROMHOUT JG, JACOBS MJHM. Percutaneous in- 
tentional extraluminal recanalisation of the femoropopliteal r- 
tery. Eur J Vasc Surg 1994; 8: 723-728. 
9 SCHWARTEN DE, CUTCLIFE WB. Arterial occlusive disease below 
the knee: treatment with percutaneous transluminal angioplasty 
performed with low-profile catheters and steerable guide wires. 
Radiology 1988; 169: 71-74. 
10 VARTY K, LONDON NJM, BRENNAN JA, RATLIFF DA, BELL PRF. 
Infragenicular in situ vein bypass graft occlusion: amultivariate 
risk factor analysis. Eur J Vasc Surg 1993; 7: 567-571. 
11 NYDAHL S, LONDON NJM, BOLIA A. Limb salvage by infra- 
popliteal subintimal percutaneous transluminal ngioplasty after 
failed femorodistal bypass. ] Intervent Radiol 1997 (in press). 
Accepted 3 February 1997 
Eur J Vasc Endovasc Surg Vol 14, September 1997 
